1. Introduction {#s0005}
===============

Onion (*Allium cepa* L.) is a plant of the Liliaceae family that grows naturally in China and is an important vegetable crop ([@b0115], [@b0045], [@b0005], [@b0140]). Modern scientific research has shown that onions have antibacterial, anticancer, hypoglycemic, hypolipidemic, antiplatelet aggregating, and antioxidant activities ([@b0015], [@b0110], [@b0145]). It is known to contain many phytochemicals, such as carotenoids, copaenes, flavonoids, minerals, phenolics, phytoestrogens, terpenoids, vitamins, anthocyanins, and amino acids. Polyphenols, as one kind of phenolic hydroxyl compounds, are a class of natural, functional onion constituent.

Abnormal xanthine oxidase (XO) activity and high serum uric acid concentrations are common health problems that occur in many diseases, particularly in gout and metabolic syndromes ([@b0030], [@b0120]). In particular, XO and serum uric acid concentration abnormalities prepare the ground for the precipitation of gout. Therefore, keeping XO and serum uric acid concentrations within normal limits is very important in treating or ameliorating gout. Accordingly, the potential effects of various natural plant active ingredients on XO regulation and serum uric acid concentrations are being studied in gout-disease models ([@b0095], [@b0125], [@b0135], [@b0040]).

From a literature survey, it was found that total polyphenols from onion contain many bioactive constituents, which in pure form or derivatives might be potentially useful in the treatment of various diseases. Therefore, in this study, the goal was to investigate the impact of total onion polyphenols on antioxidant and XO inhibitory activities.

2. Material and methods {#s0010}
=======================

2.1. Material and chemicals {#s0015}
---------------------------

Total polyphenols from onion, according to gallic acid content calibration (polyphenols content of 68%) were isolated in-house. 2-Diphenyl-1-picrylhydrazine radical (DPPH), gallic acid, X, allopurinol (AL), and XO were obtained from Sinopharm Chemical Reagent Co. (Shanghai, China). All other chemicals and solvents used were HPLC grade from Hunan Chemical Reagent Factory (Changsha, China) and used as received or dried by standard procedures, unless stated otherwise.

2.2. DPPH radical-scavenging assay {#s0020}
----------------------------------

DPPH is a stable free radical, appearing dark purple in alcoholic solution, with a 515-nm maximum absorption peak. A free-radical scavenger in a reaction system reduces the A~515nm~ by pairing with DPPH's single electron, such that free-radical scavenging is detected by changes in the A~515nm~, allowing evaluation of a sample's antioxidant ability. A total of 0.18 mL of 1 × 10^−3^ M DPPH and 10 mg of sample were examined by mixing in absolute ethanol. The resulting samples were mixed, incubated for 45 min using ultrasound, and then monitored against blanks using a spectrophotometer (UV-757 Shanghai reached US spectrum Instrument Co. at 515 nm until the reaction reached a steady state ([@b0010]). All measurements were performed in triplicate and free-radical scavenging activity calculated using absorbance. The IC~50~ values of samples were obtained from a radical-scavenging activity curve ([@b0095], [@b0125], [@b0135], [@b0085]).

2.3. Ferric reducing antioxidant power radical-scavenging assay {#s0025}
---------------------------------------------------------------

Antioxidants can also reduce Fe^3+^ into Fe^2+^ and antioxidation ability measured by spectrophotometry, using a ferric-reducing antioxidant power (FRAP) assay. The Fe^3+^ reduction ability of samples was determined as described previously with slight modifications. The reaction mixture contained 10 mL of sample (10 mg) in 3 mL of potassium ferricyanide solution (1 mM). The resulting mixture was then mixed in a water bath at 50 °C for 20 min. After incubation, 0.5 mL of trichloroacetic acid (TCA, 10% by vol) was added to terminate the reaction ([@b0025]). The solution's upper phase (1 mL) was mixed with distilled water (1 mL) and 0.1 mL of FeCl~3~ solution (0.01% by wt). The reaction mixture was then incubated at room temperature for 10 min and the A~700~ measured using a spectrophotometer against a blank solution; all tests were performed in triplicate. Higher reaction mixture absorbances indicated greater reducing power, with glutathione (2 mM) used as a reference compound. The IC~50~ values of samples were obtained from a radical scavenging activity curve ([@b0085], 2014).

2.4. OH^•^ radical scavenging assay {#s0030}
-----------------------------------

In this experiment, 2-deoxyribose was degraded by condensation with thiobarbituric acid (TBA) and evaluated using a spectrophotometer. The OH^•^ radical was generated using the Fe^3+^-ascorbate-EDTA-H~2~O~2~ system (Fenton reaction). This reaction mixture contained, in a final 1 mL volume, 2-deoxy-2-ribose (2.8 mM), KH~2~PO~4~-KOH buffer (20 mM, pH 7.4), FeCl~3~ (100 µM), EDTA (100 µM), H~2~O~2~ (1.0 mM), and ascorbic acid (100 µM). Each test sample, such as a 0.3 mL sample (10 mg) and a 6-paradol (2 mM) solution, was added separately. The reaction mixture with added sample was then stirred at 37 °C for 1 h, at which time 1 mL of 3% TCA and 1 mL of 2% aqueous TBA solution was added. This reaction mixture was incubated at 90 °C for 15 min for color development ([@b0055]). After cooling, the A~532~ was recorded against a blank solution, with tests performed in triplicate and the percent inhibition calculated by comparing test and blank solutions. The IC~50~ values of the samples were obtained from a radical-scavenging activity curve ([@b0085], 2014).

2.5. XO inhibition {#s0035}
------------------

Bovine milk XO activity was measured at 25 °C using a spectrophotometer at 550 nm. The reaction mixtures in sample wells were incubated with XO (500 µM final concentration) in phosphate buffer (0.01 M, pH 8.75, 30 µL), NBT (50 µL, 100 µM final concentration), PMS (50 µL, 100 µM final concentration), and Triton X-100 (20 µL, 0.5%). A reaction sample (10 mg) was added to the reaction mixture to inhibit XO by formazan formation. The total mixture was then mixed in a water bath at 37 °C for 2 h, and the reaction product's A~550~ recorded. For blanks and controls in this assay, X was omitted from the sample, and AL used as a positive control. All values were expressed as the average of triplicate experiments. The samples' IC~50~ values were obtained from inhibitor concentration-activity curves ([@b0095], [@b0125], [@b0135], [@b0085]).

3. Results and discussion {#s0040}
=========================

3.1. Antioxidant activity {#s0045}
-------------------------

Total onion polyphenols were investigated for antioxidant activity *in vitro* against DPPH, FRAP, and OH^•^ radicals. Different concentrations of total onion polyphenols were used and the results presented in [Fig. 1](#f0005){ref-type="fig"}, [Fig. 2](#f0010){ref-type="fig"}, [Fig. 3](#f0015){ref-type="fig"}.Fig. 1DPPH free radical-scavenging rate by total onion polyphenols.Fig. 2FRAP radical-scavenging rate by total onion polyphenols.Fig. 3OH• radical-scavenging rate by total onion polyphenols.

Total onion polyphenols showed better DPPH scavenging ability, which increased with increased polyphenol concentrations ([@b0075]). When the concentration was 50 and 200 µg/L, the scavenging rate was 51.05 and 96%, respectively ([Fig. 1](#f0005){ref-type="fig"}). The IC~50~ for DPPH radical-scavenging activity was 43.24 µg/mL.

The FRAP radical-scavenging activity of total onion polyphenols also increased with increased polyphenol concentrations, showing a significant dose-effect relationship ([Fig. 2](#f0010){ref-type="fig"}). The IC~50~ for FRAP radical-scavenging activity was 560.61 µg/mL.

With increased of total polyphenol concentrations, OH^•^ radical-scavenging was enhanced ([Fig. 3](#f0015){ref-type="fig"}). At concentrations \>50 µg/mL, OH^•^ radical-scavenging activity was relatively stable and slow. The IC~50~ of OH^•^ radical scavenging activity was 12.97 µg/mL (see [Table 1](#t0005){ref-type="table"}).Table 1The antioxidant activity of total onion polyphenols.Antioxidant activityIC~50~ (µg mL^−1^)DPPH43.24FRAP560.61OH•12.97

Therefore, the results of these assays showed that total onion polyphenols possessed good antioxidant activities. It has been reported that free radicals cause oxidative damage to biomolecules and have significant effects on cardiovascular diseases, aging, cancer, and inflammatory diseases ([@b0060], [@b0070]). Antioxidants have good prophylactic and therapeutic potential for free radical-related disease disorders ([@b0020], [@b0050]). Many studies have shown that polyphenols have strong antioxidant properties *in vitro* ([@b0035], [@b0065], [@b0150]). Studies of the active constituents of onions, such as polyphenols, have shown that they exhibit good antioxidant properties *in vivo* and *in vitro* ([@b0060], [@b0070]). Some active ingredients in onions also possess good antibacterial activity ([@b0060], [@b0070]). The data obtained in the present study showed that total onion polyphenols exerted significant free-radical repression and were the main antioxidants that react with free radicals.

3.2. Xanthine oxidase inhibition {#s0050}
--------------------------------

The results showed that total onion polyphenols possessed good XO activity inhibition, from experimental and screening studies using gradient multiplexing at different concentrations. These results showed that there was a dose-effect relationship between XO concentration and XO activity inhibition ([Fig. 4](#f0020){ref-type="fig"}). At 100 µg/mL, the XO inhibition rate was \>90% and the IC~50~ of XO activity inhibition was 17.36 µg/mL.Fig. 4XO inhibition rate by total onion polyphenols.

To our knowledge, there have been no studies or reports to date regarding inhibition of XO activity by total onion polyphenols, but a small number of studies of plant, vegetable, and flavor extracts have been reported to possess XO-activity inhibition ([@b0100]). The direct antioxidant activity of dietary polyphenols is significant because of the association between the intake of polyphenolic-rich foods (e.g., fruits and vegetables) and the incidence of oxidative stress-related diseases. However, through general reductions in oxidative stress, indirect antioxidant effects (e.g., inhibition of ROS-producing enzymes) might also be associated with health benefits ([@b0095], [@b0085]).

Due to modern diets and lifestyle changes, the incidence of gout and hyperuricemia in the world has increased dramatically. Antihypertensive agents, including XO inhibitors and uric acid excretion agents, are commonly used to treat chronic gouty arthritis. In general, AL is a commonly used drug, but it also has serious side effects. Therefore, new alternatives with better therapeutic effects and fewer side effects need to be identified ([@b0085], [@b0090]). Thus, we have tried to identify phytochemicals that can serve as XO inhibitors from a variety of foods and food products, including onions.

4. Conclusion {#s0055}
=============

The present results showed that total onion polyphenols have significant antioxidant and XO inhibitory activities. Although the efficacy of practical applications was inferred here from results *in vitro*, this study showed that onion polyphenols had an associated pharmacological activity, suggesting that they might have value in human and animal health. The data showed that total onion polyphenols and their biologically active compounds might be potential sources of new antioxidants and anti-gout drugs, providing a preliminary, scientific basis for new drug applications of onion polyphenols. However, further studies *in vivo* as well as clinical studies are needed to demonstrate that these chemicals are useful as drugs for various diseases associated with XO and free radicals.

This research was financially supported by the National Natural Science Foundation of China (Project No. 31560192; Youth Science Funds, Project No. 31100421), the Natural Science Foundation of Hunan Province (Project No. 13JJB011), and the Science and Technology Project of the Key Laboratory for Ecotourism of Hunan Province (Project No. JSSTLY1516), and the JSPS Invitation Fellowships for Research in Japan of the Japan Society for the Promotion of Science (Long-term, Project No. L15711).

Peer review under responsibility of King Saud University.
